Abstract. We propose two methods of analysis of chaotic processes to be applied in sensory analysis. These methods may be used off-line in clinics e.g. for analysis of biosignals registered during sleep, or implemented into new sensor systems e.g. for drivers' vigilance monitoring in real time; they may also be applied in new type of hybrid models of circulatory and respiratory systems. Keywords: analysis of chaotic processes, biosignal analysis, sensory analysis, hybrid modeling
We have developed two methods based on chaos-theoretical approach and fractal analysis that are very useful in processing of data obtained from new (nano)sensors [Klonowski, 2006] , in particular in biomedical applications when combined with new hybrid models. The first method is based on symbolic dynamics. We differentiate the signal numerically and represent the signal's derivative as a series of two symbols, with digit 1 being the symbol corresponding to a non-negative and digit 0 the symbol corresponding to a negative value of the derivative. This series is then subdivided into sequences called words, each one consisting of I consecutive symbols. Series of the words is further analyzed using a moving window technique. Namely, we calculate the number of occurrences, L . of some specific word in each window, so obtaining a distribution of the chosen word in the series encoding the whole EEG-signal under consideration. The most interesting are words consisting only of 0's (or only of 1's). Depending on the chosen length of a word , I , and of the sampling frequency, f s , this method enables detection in the spectrum of the analyzed signal of the waves with frequencies smaller than certain value f. Simple considerations show that f = ( f s / 2I ). For example, if f s = 128 Hz and I = 8 then f = 8 Hz , i.e. this method will detect in such a case waves of frequencies smaller than 8 Hz; the greater is L{8x0} -the number of occurrences of the word consisting of 8 consecutive symbols 0, the more slow-wave components (those with frequencies smaller than 8 Hz) is present in the analyzed EEG-signal. And the appearance of slow waves may be related to wakefulness-sleep transition and to decreasing of vigilance level as it may be observed on EEG of a person falling asleep (cf. Fig. 1 ). The second method is based on fractal dimension of single EEG-signal. It was demonstrated that Higuchi's fractal dimension, D f , of EEG-signal shows significant individual differences but the trend is always the same - These nonlinear methods of signal analysis may also be applied in combination with hybrid models of circulatory and respiratory systems, a new type of models developed in IBIB PAN for testing and development of prosthetic devices and for planning of medical procedures [Ferrari et al., 2003] . In case of physical models one has to build a different model for each specific application and such models are usually expensive while their accuracy and flexibility are rather poor; numerical models are much cheaper, accurate and flexible, but their applicability is limited. Hybrid models are combinations of numerical and physical models. First, a numerical model is developed and then some of its parts are transformed into a physical model. Any part of the numerical model can be replaced by a physical section (hydraulic, pneumatic, or electrical) and two interfaces. The advantages of such solution are evident -the physical part of the model is minimized and reduced to the very essentials of the specific application. On the other hand, the numerical part can easily be replaced or modified to reproduce the remaining parts of the whole modeled system, e.g. circulatory system. By using lumped parameter method the exchange between the numerical and the physical sections can be limited to one variable. In our model the interfaces are based on impedance converters (Fig. 3.) . 
